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PROCESS FOR THE INDUSTRIAL
SYNTHESIS OF THE METHYL DIESTER OF
3-AMINO-3-CARBOXYMETHYL-4-CYANO-2-

THIOPHENECARBOXYLIC ACID, AND
APPLICATION TO THE SYNTHESIS OF
BIVALENT SALIS OF RANELIC ACID AND
THEIR HYDRATES

The present invention relates to a process for the indus-
trial synthesis of the methyl diester of 5-amino-3-carboxym-
cthyl-4-cyano-2-thiophenecarboxylic acid and to the appli-
cation thereof 1n the industrial production of bivalent salts of
ranelic acid and their hydrates.

More specifically, the present invention relates to a new
process for the industrial synthesis of the compound of
formula (I):

oN (1)
H;CO,C

/

H3 COEC 5 NHQ.

The compound of formula (I) obtained according to the
process ol the mnvention 1s useful 1n the synthesis of ranelic
acid, 1ts strontium, calctum or magnesium salts of formula

(1I):

(1)
0,C CN

/

"0,C q N CO,, 2M*H,

N

CO5”

wherein M represents strontium, calcium or magnesium, and
hydrates of the said salts.

BACKGROUND OF THE INVENTION

The bivalent salts of ranelic acid have very valuable
pharmacological and therapeutic properties, especially pro-
nounced anti-osteoporotic properties, making these com-
pounds useful 1n the treatment of bone diseases.

DESCRIPTION OF THE PRIOR ART

The bivalent salts of ranelic acid, and more especially
strontium ranelate, the preparation thereof and the therapeu-

tic use thereol have been described 1n the Furopean Patent
Specification EP 0 415 850.
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That Patent Specification describes the synthesis of stron-
tium ranelate starting from the ethyl tetraester of formula

(I11):
1.C,0,C g }[\(202(32}15,

CO,C,Hs

(11T

which 1s itself obtainable starting from the ethyl diester of
formula (IV):

(IV)

HsC»05C N

/

H5C202C S NH2

Synthesis of the intermediate of formula (IV) has been
described 1n the publication Bull. Soc. Chim. France 1975,
pp. 1786—-1792 and in the publication J. Chem. Tech. Bio-
technol. 1990, 47, pp. 39-46, by reaction between diethyl
3-oxoglutarate, malononitrile and sulphur 1n ethanol, 1n the
presence of morpholine or diethylamine.

That process has the advantage of using readily accessible
starting materials and of being simple to put into practice;
however, when transierred to the scale of several hundred
kilograms, 1t does not allow the compound of formula (IV)
to be obtained 1n a yield greater than 70%.

In view of the pharmaceutical interest of strontium rane-
late and the tonnages produced, 1t has been important to be
able to synthesise a diester of 5-amino-3-carboxymethyl-4-
cyano-2-thiophenecarboxylic acid of excellent purity, 1n a
yield of at least 77%, which 1s reproducible on an industrial
scale.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The Applicant has now developed an effective industrial
synthesis process allowing the methyl diester of formula (1)
to be obtained 1n a yield of at least 77% and with a purity
greater than 97%.

The compound of formula (I) thereby obtained 1s espe-
cially useful in the synthesis of ranelic acid, 1ts strontium,
calcium or magnesium salts and hydrates of the said salts,
more especially strontium ranelate and 1ts hydrates, wherein
it 1s reacted with an ester of bromoacetic acid to yield the
corresponding tetraester, which 1s then converted into
ranelic acid or mto a strontium, calctum or magnesium salt
thereof.

More specifically, the present invention relates to a pro-
cess for the industnial synthesis of the compound of formula

(I)ﬂ
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which process 1s characterised 1n that dimethyl 3-oxoglut-
arate of formula (V):

(V)

H,CO, C/\[(\Coz(?Hg

O

1s reacted with malonitrile of formula (VI):

(VD)

NC CN

in methanol,

in the presence of morpholine in an amount greater than
0.95 mol per mol of compound of formula (V),

to yield the compound of formula (VII):

(VII)
CH;0

YOCHS
I o +/ \
NC CN 2N 2

_/

which 1s then reacted with sulphur 1n an amount greater than
0.95 mol per mol of compound of formula (V);

the reaction mixture 1s then heated at reflux;

and the compound of formula (I) thereby obtained 1s
1solated by precipitation in the presence of water, followed
by filtration.

The process, accordingly improved by the use of these
very specilic conditions, and especially by the intermediate
formation of the compound of formula (VII), which can, if
desired, be 1solated, allows the compound of formula (I) to
be obtained with excellent purity and 1n a vield of at least
7% which 1s reproducible on the scale of several hundred
kilograms, which represents a major gain 1n yield 1in view of
the large tonnages of strontium ranelate produced.

The amount of methanol 1s preferably from 1 to 3 ml per
gram ol compound of formula (V).

The temperature of reaction between the compounds of
formulae (V) and (VI) 1s preferably less than 50° C.

The reaction time at reflux after addition of the sulphur 1s
preferably from 1 hour 30 minutes to 3 hours.

Methyl  5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-
thiophenecarboxylate of formula (I) and the intermediate of
formula (VII) are new compounds which are useful as
synthesis mtermediates 1n the chemical or pharmaceutical
industry, especially 1n the synthesis of strontium ranelate,

and accordingly form an integral part of the present inven-
tion.
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The Examples hereinbelow illustrate the invention but do
not limit 1t 1n any way.

EXAMPLE 1

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-
2-thiophene-carboxylate

Introduce into a reactor 400 kg of dimethyl 3-oxoglut-
arate, 158 kg of malononitrile and 560 litres of methanol and
then, whilst maintaining the temperature of the reaction
mixture below 40° C., 199.6 kg of morpholine.

Then introduce 73.6 kg of sulphur and subsequently bring
the mixture to reflux.

After reacting for 2 hours, stop refluxing and add water
until precipitation occurs. Filter ofl the precipitate obtained,
wash 1t and dry 1it.

Methyl  3-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-
thiophenecarboxylate 1s thereby obtained 1n a yield of 77%
and with a chemaical purity of 98%.

EXAMPLE 2

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-
2-thiophene-carboxylate

Introduce into a reactor 400 kg of dimethyl 3-oxoglut-
arate, 158 kg of malononitrile and 560 liters of methanol and
then, whilst maintaining the temperature of the reaction
mixture below 40° C., 199.6 kg of morpholine.

The compound of formula (VII) thereby obtained, or the
addition salt of methyl 3-(dicyanomethylene)-5-hydroxy-5-
methoxy-4-pentenoate with morpholine, 1s 1solated by {il-
tration after cooling of the mixture and 1s then reacted with
73.6 kg of sulphur 1n methanol.

The mixture 1s then brought to reflux.

After reacting for 2 hours, stop refluxing and add water
until precipitation occurs. Filter ofl the precipitate obtained,
wash 1t and dry 1it.

What 1s claimed 1s:

1. A process for the industrial synthesis of the compound
of formula (I):

(D
CN

/

H3C02C "

H;CO,C

NHo,

wherein dimethyl 3-oxoglutarate of formula (V):

1,C0,C /\H/\COZCH3

O

(V)

1s reacted with malononitrile of formula (VI):

(VD)

NC /\CN
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1n methanol, the reaction mixture 1s then heated at reflux;
in the presence of morpholine in an amount greater than and the compound of formula (I) thereby obtained 1s
0.95 mol per mol of compound of formula (V) solated by precipitation in the presence of water

followed by filtration.

2. The synthesis process of claim 1, wherein the amount
of methanol 1s from 1 to 3 ml per gram of compound of

(VID) formula (V).

to yield the compound of formula (VII):

CH30 OCH; 3. The synthesis process of claim 1, wherein the tempera-
. ture of reaction between the compounds of formulae (V) and

0 O H+N/ \O (V1) 1s less than 500° C.
NC CN ’ \ / "’ 4. The synthesis process of claim 1, wherein the reaction

time at reflux after addition of the sulphur 1s from 1 hour 30
minutes to 3 hours.

which 1s then reacted with sulphur in an amount greater
than 0.95 mol per mol of compound of formula (V); £k K k%
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